Abstract: Stroke is the most common cause of homonymous hemianopia (HH) in adults, followed by trauma and tumors. Associated signs and symptoms, as well as visual field characteristics such as location and congruity, can help determine the location of the causative brain lesion. HH can have a significant effect on quality of life, including problems with driving, reading, or navigation. This can result in decreased independence, inability to enjoy leisure activities, and injuries. Understanding these restrictions, as well as the management options, can aid in making the best use of remaining vision. Treatment options include prismatic correction to expand the remaining visual field, compensatory training to improve visual search abilities, and vision restoration therapy to improve the vision itself. Spontaneous recovery can occur within the first months. However, because spontaneous recovery does not always occur, methods of reducing visual disability play an important role in the rehabilitation of patients with HH.
Introduction
Homonymous hemianopia (HH) involves vision loss on the same side of the visual field in both eyes. This type of visual field loss is indicative of a lesion involving the visual pathway posterior to the chiasm. HH can affect the ability to drive or read and may result in injuries due to falls or inability to navigate around obstacles. Identifying and managing these visual difficulties can have a significant effect on a patient's quality of life. This review covers the etiology, clinical examination findings, patient challenges, management options, and prognosis associated with HH.
Etiology
The potential causes of HH are dependent on the age of the patient. The most common cause of HH in adults is stroke. Approximately 8%-10% of stroke patients have permanent HH, and 52%-70% of hemianopias are caused by stroke. 1, 2 As the population ages and stroke patients live longer, the incidence of stroke and resultant HH is likely to increase. 3 Other common causes of HH include traumatic brain injury (14% of HH cases) and tumors (11% of HH cases). 1, 4 Less common causes of HH are shown in Table 1 . [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Temporary HH with spontaneous recovery may occur due to migraine; 14 occipital, parietal, or temporal lobe seizures; 15 or transient ischemic attack. 16 Nonketotic hyperglycemia can cause HH that resolves with normalization of the blood sugar. 6, 17, 18 The most common causes of HH in children aged 18 years are tumors (27%-39%), brain injury (19%-34%), infarction (11%-23%), and cerebral hemorrhage (7%-11%).
Clinical evaluation
Visual fields, particularly when correlated with other symptoms, provide valuable information regarding the location of brain lesions. Goldmann perimetry is useful in detecting neurologic visual field loss. Unfortunately, the equipment is not widely available, and testing requires a more skilled technician compared with automated perimetry. Humphrey automated perimetry is widely used for assessing visual field defects. The Swedish Interactive Threshold Algorithm (SITA) Fast is less sensitive than the SITA Standard method. SITA Fast testing can give reliable screening results, but because of the larger test-retest variability it may not be a good choice to monitor visual field loss over time. 21 Also, quantitative comparison of different strategies should be avoided, as the mean deviation is higher with SITA Fast compared with SITA Standard. 22, 23 Frequency doubling technology (FDT) perimetry can detect glaucomatous visual field damage earlier than standard perimetry by isolating specific types of ganglion cells. 24 While these technologies are good at identifying patients with glaucoma, they have been shown to be inconsistent in finding neurologic visual field defects. Compared with Goldmann perimetry, the FDT C20 threshold protocol was found to detect hemianopic field loss less than half of the time. 25 With the use of a smaller stimulus size, the second-generation Matrix FDT has better correlation with standard perimetry when measuring neurologic disorders. [26] [27] [28] However, the Matrix may still be less sensitive than standard automated perimetry in detecting HH. Although not a statistically significant difference, hemianopic defects found with Goldmann perimetry were detected in 88% of cases with standard automated perimetry but only 69% of cases using the Matrix FDT. 27 Confrontation visual field testing is not sensitive at detecting visual field loss, but it may be the only method available. Kerr et al 29 evaluated 332 eyes prospectively to compare seven types of confrontation visual field tests. Finger counting was the least sensitive method, finding 0% of mild defects and 49% of severe defects. Overall, the most sensitive individual method of confrontation visual field testing is kinetic testing using a 5 mm red bead. This picks up 43% of mild defects and 89% of severe defects. The overall sensitivity using the kinetic red bead is 74%, but this improves to 78% when combined with static finger wiggle testing. Formal perimetry is necessary if there is a strong suspicion of visual field loss.
Unilateral damage to the retrochiasmal visual pathway results in bilateral vision loss affecting the contralateral visual field. The visual loss respects the vertical midline of the visual field. This should be differentiated from glaucomatous visual field loss, which does not respect the vertical midline but instead respects the horizontal midline. The most common location of lesions resulting in HH is the occipital lobe (45%), followed by damage to the optic radiations (32%). 4 The remainder is caused by lesions of the optic tract (10%), lateral geniculate nucleus (LGN) (1.3%), or a combination of several areas (11%).
A complete HH affects the entire hemifield of both eyes ( Figure 1A ). This can occur with a lesion anywhere posterior to chiasm and cannot be further localized based on visual field appearance alone. An incomplete HH spares at least part of the vision on the affected side and can be classified as either congruous or incongruous ( Figure 1B and C) . A congruous visual field defect is identical between the two eyes, whereas an incongruous defect differs in appearance between the eyes. For lesions behind the LGN, visual field defects are generally more congruous if the lesion is located more posteriorly along the visual pathway. However, exceptions do occur. Kedar et al 30 demonstrated that although 84% of occipital lobe lesions produced congruous visual field defects, damage to the optic radiations was congruous in 59% of cases, and 50% of optic tract lesions produced congruous visual field loss. Despite this, the optic radiations remain the most common location for conditions resulting in incongruent visual field defects.
In addition to congruity, the shape and location of an incomplete HH can help localize the causative factor. Damage to the LGN will often result in one or more sectors of visual field loss, since the dorsal portion of the LGN contains fibers from the macular region, the lateral portion represents 
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Goodwin sparring can also occur with lesions of the optic radiations or optic tracts. 4 Even without macular sparing, an HH itself does not generally affect visual acuity. If visual acuity is reduced, an accompanying lesion involving the anterior visual pathway should be suspected.
Optic tract lesions can produce both complete and partial HH. The presence of a relative afferent pupillary defect and band-shaped atrophy of the optic disc can help distinguish an optic tract lesion from damage located posterior to the LGN. When a complete HH is present, the relative afferent pupillary defect will be found in the eye with the temporal visual field loss (contralateral to the optic tract lesion). This may occur due to the increased number of decussating ganglion cell fibers compared with nondecussating fibers, or it may occur because the melanopsin-containing fibers found in the nasal retina have an increased sensitivity compared with those found in the temporal retina. 33 Band-shaped atrophy, manifesting as pallor of the nasal and temporal optic nerve head ( Figure 2 ), will also be seen in the eye contralateral to the optic tract lesion. Thinning of the retinal nerve fiber layer (NFL) that corresponds with the area of pallor can be seen with optical coherence tomography analysis of the NFL or ganglion cell complex. 34 Here, retinal tissue associated with the temporal visual field loss, the NFL nasal to the disc, and the NFL temporal to the disc but nasal to the macula is reduced. Additionally, the superior and inferior NFL may be thinned in the eye ipsilateral to the optic tract lesion. Associated signs and symptoms may be present if the lesion affecting the optic tract extends to nearby structures. If the temporal lobe is involved, memory may be affected and seizures can occur. Damage to the adjacent cerebral peduncle can result in contralateral hemiparesis, and hypothalamic symptoms may be present.
Lesions affecting the optic radiations will not result in optic nerve pallor or pupillary defects. Either hemiparesis or hemianesthesia can result if the neighboring internal capsule is affected. Temporal lobe lesions are associated with memory and auditory problems, as well as seizures. Difficulty comprehending language (receptive aphasia) occurs if Wernicke's area is involved. Patients with parietal lobe lesions are often unaware of the visual field deficit. Sensory loss, agnosia, aphasia, apraxia, and difficulties with mathematics or writing may occur. Smooth pursuits may be impaired in the direction of the brain lesion, and patients often have difficulty maintaining fixation. Lesions involving the nondominant parietal lobe result in hemispatial neglect. Here, there is decreased awareness of stimuli contralateral to the side of the lesion.
HH is the main consequence of an occipital lobe lesion. Damage to the occipital lobe usually does not produce other neurologic manifestations. Some patients may experience photopsias or other hallucinations in the blind hemifield.
Reliable neurologic visual fields are easy to simulate with automated perimetry, even in those who have never before performed visual field testing. 35 A spiral pattern with Goldmann perimetry, a tubular field with tangent screen testing, or a cloverleaf pattern with automated visual fields is indicative of functional visual loss. If nonorganic visual field loss is suspected, the visual field can be tested by asking the patient to saccade into the supposedly heminanopic field. The patient assumes you are testing eye movements, so they will not realize that they should not be accurately saccading to the target.
Patient challenges
Impairment of the visual field can be debilitating. In addition to the inability to drive, read, or navigate, the loss of independence and inability to enjoy leisure activities can have significant emotional and social implications. Understanding these restrictions can aid in rehabilitation and making the best use of remaining vision.
Inability to drive decreases independence, limits employment opportunities, and increases the risk of depression. 36 In many areas of the US, patients with HH do not meet the legal driving requirements. A binocular visual field of at least 110° is required in 27 states. 37 Despite this, some continue 
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Homonymous hemianopia to drive illegally, 38, 39 and 12 states have no minimum visual field requirement for driving. Therefore, it is important to be familiar with safety concerns as well as available options for these patients.
Drivers with HH have an impaired ability to detect and react to pedestrians on the side of the vision loss. 38, 40, 41 In a driving simulator, those with HH naturally make more head scans toward the blind side compared with normally sighted individuals; however, the scans tend to be of equal or smaller magnitude. 40 Due, in part, to the smaller scans, simulated pedestrians are detected less than half of the time.
In an on-road driving evaluation, 41% of HH drivers had trouble controlling the vehicle position, 36% had problems adjusting their speed to traffic conditions, 27% did not respond adequately to unexpected events, and 27% had unusually bad driving maneuvers. 5 Despite these problems, 73%-77% are deemed safe do drive in noninterstate conditions by driving rehabilitation specialists. 5, 42 Poor reading ability in those with HH may be due to reduced visual field, poor eye movements, or perceptual difficulties. Left-to-right readers with a right HH have particularly impaired reading abilities. For efficient reading, they must be able to see three to four letters to the left and seven to eleven letters to the right of fixation. 43 These patients have trouble locating ensuing words and making systematic saccades to find those words. Additionally, eye movement patterns are disorganized, and there is prolonged fixation, reduced saccadic amplitude, and an increased number of regressive saccades. 44 These combine to reduce reading speed and limit comprehension. Because parafoveal vision is used to plan saccades and obtain information about forthcoming words, those with 3°-5° of macular sparing tend to have minimal impairment of reading. 45, 46 Although not as severe, left-to-right readers with a left HH do have difficulty with reading. They have problems finding the subsequent line of text. 44 Furthermore, since the first part of a word contains information to quickly identify the word, those with left-sided visual field defects have frequent reading errors. 45, 47 Hemianopia can cause difficulties evaluating the environment. This can result in disorientation, trouble crossing the street in traffic, bumping into objects, inability to detect hazards, and increased risk of falling. Patients with HH make more saccades toward the blind field, but the saccades are less accurate and systematic, resulting in much longer search times. 48 This increased search time can explain the difficulties patients experience when attempting to find objects. Also, the slowed search patterns do not allow comprehension of the environment fast enough to avoid obstacles.
Management options
Management of patients with HH should involve a multidisciplinary approach. Vision training and low vision rehabilitation can improve specific visual deficiencies such as mobility or reading problems. Occupational therapy can help the patient navigate and function better in daily life. Psychological rehabilitation as well as social support can be critical in adjustment and improving quality of life. Other medical specialists may be involved in treating the underlying disorder.
Depending on the patient needs, treatment of visual deficits can include prismatic correction to expand the remaining visual field, compensatory training to improve visual search abilities, and vision restoration therapy to improve the vision itself. One type of therapy does not preclude other intervention methods. In fact, often, one therapy complements another. For example, compensatory training is often done in conjunction with prism therapy.
The goal of prism treatment is to expand the intact visual field. With the aid of prism, images that normally fall on the hemianopic retina are shifted so they become visible by the seeing portion of the retina. Although a number of methods of prescribing prism have been proposed, peripheral prism segments placed above and below the line of sight, originally described by Peli, 49 have been the most successful in increasing the usable visual field while avoiding diplopia in primary gaze. Forty prism diopter segments placed unilaterally on the upper and lower parts of the spectacle lens provide up to 20° of visual field expansion. 50, 51 The base is positioned toward the field loss on the lens that corresponds to the side of the hemianopia. This is often done with temporary press-on prisms. Alternatively, 57 prism diopters can be embedded permanently into the top and bottom portions of the glasses, providing 30° visual field expansion.
These monocular prism segments can improve quality of life.
2 A recent randomized controlled clinical trial demonstrated that treatment with these prisms improves mobility and avoidance of obstacles. 50 Other studies have found that 29%-47% of patients continue to wear the glasses longterm. 51, 52 Obliquely oriented prism may have an advantage over horizontal prism because the oblique prism allows expansion of the central visual field. The image still falls on the peripheral retina so diplopia in primary gaze is avoided. Similar to the horizontal prism setup, two prism segments are placed 
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Goodwin with a 9 mm separation above and below the line of sight. The upper prism is placed on the lens that corresponds with the side of hemianopia with the base out and down at an angle of 30°. The lower prism is placed with the base out and up at an angle of 30°. Using 40 prism diopter oblique Fresnel prism segments, drivers with HH had improved response to unexpected hazards compared with those with sham prism. 39 The increase in visual field obtained with 57 prism diopter obliquely placed prisms may allow patients with complete HH to drive legally in some states. Moss et al 53 found an increase in the binocular field from 95° to 115° in one patient and from 82° to 112° in another patient. This would be sufficient to drive in over half of the states in the US.
The prisms are intended for distance viewing. However, if the patient has bifocal or progressive addition lenses, a small area can be cut out from the bottom of the Fresnel prism to allow reading. Otherwise, a separate pair of reading glasses is necessary.
Patients benefit from training regarding how to effectively use the prisms. Users should be instructed to look through the central portion of the glasses and scan their eyes as they normally would. They should not look through the prism, as this will result in diplopia. After detecting an object in the periphery, they should turn their head to fixate on the object.
Difficulties with the prisms include descending stairs, glare, inability to read with the prisms, and being startled when objects jump into the field of vision. 52 Additionally, the optical quality of the press-on prisms deteriorates over time. Temporary prisms should be replaced every 3-4 months. Permanent prisms with better optic quality should be used if long-term wear is desired.
Compensatory training can improve eye and head scanning movements and help patients use their residual vision more efficiently to perform desired tasks. Training should include activities that improve general visual attention skills, increase the number and amplitude of saccades into the impaired hemifield, and develop a more organized pattern of eye movements. In addition, strategies to correct specific scanning deficits, such as improving reading or visual search abilities, should be employed.
One method of compensatory training starts training with the use of standardized colored lights along a horizontal plane. This system requires participants to use both head and eye movements. The exercises become more complex, resulting in patients being able to perform systematic and accurate search patterns. Mobility scanning strategies are then employed. These start in a structured environment and move to a complicated, dynamic environment. Some programs such as this teach a rigid systematic search strategy. Other programs employ searching for randomly placed targets among distractors. The patients are asked to fixate on the target as quickly as possible, moving only the eyes. No specific scanning strategy is suggested to the patient.
Teaching systematic scanning tactics results in more organized and efficient search times. 48, 54 The area in which patients can locate targets can be increased by up to 30°. 55, 56 More importantly, visual training can improve mobility and the ability to navigate while avoiding obstacles. 57 In one study, 91% of participants were able to return to part-time work following compensatory training. 56 Those who have a greater number and larger amplitude of head and eye movements have been shown to be safer drivers. 58, 59 In order to detect pedestrians, scans should be approximately 85° toward the restricted visual field. Eye movement of 30°, in addition to head scanning of 55°, is necessary. 40 The decreased scan amplitude often seen in those with HH may be a result of not having feedback from the peripheral vision to know how far to scan. Therefore, giving patients specific physical landmarks that will aid in knowing how far to turn their head may be helpful. 40 Vision training can improve reading ability by decreasing errors and improving reading speed. 44, 60 Computer-based therapies that induce optokinetic nystagmus by having the patient read text scrolling from left to right have been shown to improve static reading speed by up to 46%. 60, 61 One example of this therapy can be downloaded for free here: http://www.readright.ucl.ac.uk.
Based on the concept of neuroplasticity, Vision Restorative Training (VRT) (NovaVision AG, Magdeburg, Germany) aims to regain visual function at the border of the visual field defect. This involves home-based training where suprathreshold light is presented to areas that border the visual field defect. Training is performed at least 1 hour each day for 6 months.
It is unclear whether VRT actually expands the usable visual field or whether unsteady fixation results in apparent visual field enlargement. When controlling for fixation, there was 2° of field expansion. 62 An alternative explanation is that the visual field enlarges as the patient learns to improve attention or awareness of the vision loss. This theory is supported by research that found visual field improvement with compensatory visual field training alone. 56, 63 Regardless of the reason for field expansion, some patients do have improved reading speed following VRT. 
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Homonymous hemianopia is not likely to be sufficient for improved scanning of the environment. 55 The biggest downside to this treatment is the cost to the patient, which is around $6,000 for the 6 months of treatment. 65 Ideal rehabilitation is effective, simple to use, portable, and inexpensive. Given these criteria, optical compensation and compensatory training are viable options. Unfortunately, the cost and relatively small benefit of VRT make this option less practical. Most compensatory training can be performed at home using computer software. This has the advantage of being more cost-effective and provides access to more patients. Typically, therapy involves a mix of supervised office visits and home therapy. Unsupervised home training has been shown to be effective at improving reading performance, but not at improving avoidance of obstacles or hazard perception.
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Prognosis
Being familiar with the recovery pattern is important in patient education as well as in assessing the results of rehabilitation. Approximately 17%-19% of poststroke patients with total HH experience complete recovery within 1 month. 67, 68 In a different study, Zhang et al 69 reported that 55% of HH patients have at least some improvement of the visual field within the first month. The prognosis was not significantly different for various causes of damage. Recovery decreases with increasing time from the injury, and most of the improvement occurs within the first 2 months. 69 Recovery is unlikely after 6 months unless the underlying cause resolves.
After 6 months, fixation patterns in adults become more dissimilar to those without HH, indicating that with increased time from the onset of the HH, patients may naturally compensate for the HH. 70 Patients with HH tend to concentrate on an area toward the side of the visual field defect rather than on the center of the image. 71 They also make more saccades into the blind field compared with those with a normal visual field. 70 Spontaneous recovery in children is reported to be similar to that found in adults. 19 In addition, young children may adapt to the HH by developing an ipsilateral exotropia 72 or a compensatory head turn toward the visual field defect. 73 Exotropia with the eye deviating toward the side of the hemianopia can expand the visual field if anomalous correspondence is present. Unfortunately, adults do not develop this adaptation, but a patient with a congenital exotropia who develops an ipsilateral HH as an adult may benefit from an enlarged binocular visual field (Figure 3 ). In these cases, strabismus surgery should be avoided.
Charles Bonnet syndrome (CBS) involves recurrent, complex visual hallucination that occurs following vision loss. Individuals are generally aware that the images are not real, but they can cause significant anxiety. This has been reported in patients with HH. Generally, no treatment is warranted, but low-dose (5 mg daily) aripiprazole may help resolve the hallucinations and anxiety associated with CBS. 74 Patients should be educated regarding the benign nature of CBS.
In some cases, motion perception remains despite damage to the occipital lobe (Riddoch phenomenon). These patients can localize and respond to stimuli despite the inability to consciously see the target. The underlying mechanism is not known, but projections directly between the extrastriate occipital cortex and the LGN or pulvinar nuclei may be responsible. 
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Conclusion
HH can be disabling. Due to improving health care and increasing patient life span, the prevalence of HH will likely increase. Because spontaneous recovery does not always occur, methods of reducing visual disability play an important role in the rehabilitation of patients with HH. Both optical and vision therapy can help to improve the ability to navigate safely within the environment and may enhance the capability of enjoying activities such as reading and driving.
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